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The goal for this project is to perform quantum entanglement experi-
ments in an undergraduate seting, reduce the costs for the conventional 
experiment, and make the apparatus much more resilient to user error. 
The project is split into 3 major sections: Light source, detecting circuit, 
and counting circuit.
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Spontaneous Parametric Down Conversion. Photographed by Giorgio Brida 2010.
  Our first step was to see how a regular LED would work in place of 
the single photon avalanche diode (SPAD). We wanted to use an inex-
pensive analog to our SPAD (which cost several hundred dolars) while 
first testing circuit quenching techniques. To our surprise the LED not 
only responded to light, it avalanched exactly how the SPAD was ex-
pected to. This was an exciting development for us we had not expect-
ed. The fact that a simple LED costing only a few cents could be used 
to detect single photons was not only interesting, but useful as wel. 
This ofered us a way to test and beter understand the detection circuit 
without risking damage to the expensive SPAD.
The circuit operates by reverse biasing a diode just before its breakdown voltage (the volt-
age in which it wil begin to pass current). When a photon strikes the P/N junction in the 
diode it caused a cascading efect resulting in a flow of current. This current is used to 
signal the counting device while “quenching” returns the circuit to its initial state. 
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  The process of entangling photon pairs through spontaneous parametric 
down conversion can be seen in the figure above. We start with a 405nm 
helium-neon laser which acts as our photon pump or photon supply. It is 
then directed at a Beta Barium Borate (BBO) crystal, this is where the en-
tanglement occurs. When the 408nm photon passes through the crystal it 
wil occasionaly be converted into two 810nm photons. This is our entan-
gled photon pair. Once they are through the crystal the entangled photons 
leave in a conical shape of which a few reach the single photon detectors. 
When a photon is detected a signal pulse is sent to a coincidence counter 
which determines if the photons arrived simultaneously; indicating they 
are an entangled pair.
 The single photon detection circuit shows the potential to be an im-
provement in pedagogical setings. Coincidence counting wil be the 
next area we intend to improve. Like with the single photon detectors, 
the currently available coincidence counters are relatively expensive. 
We plan to solve this by using a PSoC 5 microprocessor instead of the 
currently available counters. The PSoC 5 cost only a few dolars com-
pared to counters costing upwards of 1,000.00.  
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  Quantum entanglment can be very complex but the fundementals 
are prety straight forward. In the simplest sense entanglement in-
volves two particles (in our case photons) which through a special-
ized process caled spontaneous parametric down conversion 
become linked with one another. This link means that measuring 
characteristics of one wil efect the other immediately, no mater the 
distance between the two. 
  Some technologies currently being explored through the use of 
quantum entanglement include: Quantum computing, long distance 
communication, and hyper secure communications.
